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[57] ABSTRACT

A system for requisitioning and distributing material in
a manufacturing environment is provided. A manufac-
turing station stores and utilizes the material and pro-
duces a first missing resource signal in response to de-
pleting a predetermined amount of the material in the
manufacturing station. An intelligent storage unit stores
the material. A computer system receives the first miss-
ing resource signal, responsively searches the storage
unit, produces a material transfer command signal in
response to the presence of the material, and produces a
pull trigger signal in response to the absence of the
material. A microcomputer produces a material sched-
ule. A logic device receives the pull trigger signal and
produces a depletion signal in response to the pull trig-
" ger signal and the material schedule.

49 Claims, 3 Drawing Sheets
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SYSTEM FOR REQUISTIONING AND
'DISTRIBUTING MATERIAL IN A
MANUFACTURING ENVIRONMENT

DESCRIPTION
1. Technical Field

This invention relates to a system for requisitioning

and distributing material in a manufacturing environ-
ment and, more particularly, to a system for requisition-
ing material in response to a demand for the material
and a schedule for the material.

2. Background Art

- The process of manufacturing a product presents
many challenges to bring the product to market for the
least cost within schedule, while maintaining product
quality. Manufacturing the product for the least possi-
ble cost is important in all industries. Inventory is one of
the primary costs associated with manufacturing a
product. Recent advances in manufacturing systems,
utilizing proven Japanese techniques of production, try
to plan the arrival of all components and material “Just-
In-Time” (JIT) to manufacture a product, reducing
inventory cost.

A number of books and articles have been published
that address the issue of JIT. Among these are Just In
Time for America by Kenneth A. Wantuck, published by
The Forum, Ltd., Milwaukee, WI, and World Class
Manufacturing by Richard J. Schonberger, published by
The Free Press. These two books discuss JIT methods
employed with Kanban (a type of signal that requests a
maker to make and deliver more of a certain material to
a user) for ordering material, and methods for order
~ planning, based on customer demand. These methods
involve MRP II (Manufacturing Resource Planning),
which is discussed in the following paragraphs.

Wantuck discuses a planning method for resource

allocation that is faster, easter, and more effective than
traditional scheduling techniques—called uniform
scheduling. Uniform scheduling starts with a produc-
tion plan, and “levels” the material distribution in a
manufacturing environment over a period of time, for
example, every working day in a month. Eventually the
uniform scheduling makes the material distribution the
same for every hour. The best possible match between
the uniform schedule and real customer orders i1s de-
sired in order to have material delivered “Just-In-Time”
for use at the point of manufacture. The JIT system
strives to initiate production for discrete product quan-
tities only when needed for customer orders. There 1s
no lag time or excess material storage. The consumption
of material triggers a series of events. The “triggering”
is performed by a “Pull System”. An example of a pull
system 1s a system similar to that of Wagner Data Sys-
tems called the “Electronic Kanban” shown in FIG. 1.

The operation 1s as follows:

1. Parts are used on the assembly line until all the
parts are distributed.

2. The empty parts container is dlscarded and a pull
trigger is issued. In this case a line card with the corre-
sponding part number is delivered to the reserve stor-
age.

3. A container filled with the specified part is deliv-
ered to the point of use with the line card.

4. As production continues, a checker tallies the num-
ber of containers used and issues a second pull trigger to
the Kanban Supplier when a specified number of con-
tainers are used. In this case a bar coded Kanban card,
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2

which specifies the part number and quantity,-is read by
a bar code reader, and an order is sent to the supplier via
electronic data interchange.

5. The supplier receives the order and delivers the
supply along with another bar coded Kanban card t the
customer.

Wantuck describes another planning method, notably
MRP II. Manufacturing Resource Planning (MRP II)
was developed to match production levels to expected
customer demand, and has primarily been employed in
discrete, batch type manufacturing environments. MRP
II is a “push” system that uses a production schedule to
identify which particular products will be built and 1n
what quantities. This production schedule is the basis
for a material requirements plan which states when
materials are required and in what quantities. The mate-
rial is “pushed” through the system from the supplier to
the manufacturing floor according to the plan. This
material requirements plan determines labor require-
ments and costs of manufacturing, which have a signifi-
cant impact on the financial and marketing plans of a
manufacturer. The material requirements plan is usually
run on a weekly or monthly basis and, therefore, often
differs from the actual requirements for material at the
point of manufacture. This is due to unplanned changes
in demand for the product that occur between planning
periods.

As shown in the article “Systems for Supporting the
MRP 11/JIT Environment” by Ashok Rao and David 1.
Scheraga, and “Implementing JIT With MRP II Cre-
ates Hybrid Manufacturing Environment” by Gerald J.
Bose and Ashok Rao, a manufacturing system can inte-
grate an MRP II planning system with a JIT execution
system to form a hybrid system. The material can be
“pulled” from the supplier while still being based on a
production plan. This will be most successful with ma-
terial that is used for repetitive manufacturing and
scheduled uniformily. The MRP 1I philosophy can also
plan JIT quantities in which the pull trigger is disabled
and material is “pushed”. Unfortunately, the desired
results of these systems are not realized under true man-

- ufacturing conditions due to the attempted merging of

the push and pull philosophies of MRP II and JIT,
because of inherent problems associated with each plan-
ning method. For example:

(a) suppliers may not deliver material on time, render-
ing the point of manufacture non-operational;

(b) suppliers may deliver poor quality material which
yields the material unusable, again rendering the point
of manufacture non-operational;

(c) customers may give erratic demands and make
changes that affect the material requirements plan re-
sulting in excess material storage or a lag time in mate-
rial delivery; and _

(d) production requirements may be neither truly
repetitive nor truly discrete, propose difficulties in asso-
ciating material with one of the planning methods.
These variables hinder the successful performance of
such a hybrid scheme.

Therefore, a system is needed which can adapt
quickly in response. to dynamic manufacturing condi-
tions while insuring that material is delivered to the
point of manufacture in a JIT manner resulting in low

material inventory.

The invention also includes other features and advan-
tages which will become apparent from a more detailed
study of the drawings and specification.
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_ 3
DISCLOSURE OF THE INVENTION

In one aspect of the present invention, a system for
requisitioning and distributlng material in a manufactur-
ing environment is provided. A manufacturing cell
stores and utilizes the material and produces a first miss-
Ing resource signal in response to depleting a predeter-
mined amount of the material in the manufacturing cell.
An intelligent storage unit stores the material. A com-
puter system receives the first missing resource signal,
responsively searches the storage unit, produces a mate-
rial transfer command in response to the presence of the
material, and produces a pull trigger signal in response
to the absence of the material. A microcomputer pro-
duces a material schedule. A logic device receives the
pull trigger signal and produces a depletion signal in

response to the pull trigger signal and the material
schedule.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a prior art system:
FIG. 2 1s a block diagram of one embodiment of the
present invention; and

FIG.3isa block diagram of another embodlment of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 2 depicts one embodiment of a system 200 for
requisitioning and distributing material in a manufactur-
ing environment. Preferably, the present invention is
mmplemented using a computer system having at least
one mainframe computer or a plurality of microcomput-
ers, or the like.

The system 200 includes at least one local cell means
205 for storing and utilizing material and producing a
first Missing Resource Signal (MRS) in response to
depleting a predetermined amount of the material in the
local cell means 205. As material is utilized or consumed
by the local cell means 205 for manufacturing or assem-
bly operations, a record of the amount of material is
decremented. When the local cell means 205 consumes
or depletes the predetermined amount of the material
and requires more, the MRS is produced. The first MRS
1s an electronic signal generated in software that indi-
cates the demand for a predetermined amount of a cer-
tain type of material in a predetermined time period.

Each local cell means 208 contains one or more man-
ufacturing stations 210, at which a set of manufacturing
or assembly operations are performed. The function of
the local cell means 205 is to produce a specific product
component or to perform an operation in the final prod-
uct assembly. For example, the local cell means 205 may
be a hydraulic cylinder manufacturing area or hydraulic
cylinder assembly line. A station 210 within the local
cell means 205 may preform installation of hydraulic
hoses on the hydraulic cylinder.

The local cell means 205 contains limited storage
space for holding material, therefore a storage means
215 1s needed for storing material. The storage means
215 preferably includes an Automated Storage and Re-
trieval System (AS/RS) or the like. An AS/RS func-
tions as an intelligent storage unit, and consists of racks
or shelves. Also included in the AS/RS is an automated
crane or robot for loading material into a specified loca-
tion within the racks and retrieving the material from
the racks when material is needed for the local cell
means 205. Preferably the storage means 215 includes a
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4

microcomputer (not shown) that communicates with
the system mainframe. Intelligent storage units such as
the AS/RS are well known in the art and will not be
further discussed.

The system 200 includes a control means 220 for
receiving the first MRS, responsively searching the
storage means 215, producing a Material Transfer Com-
mand Signal (MTC) in response to the presence of the
material in the storage means 218, and producing a Pull
Trigger signal in response to the absence of the material
in the storage means 215. The control means 220 regu-
lates material movement and utilization for the local cell
means 205 and storage means 215. Preferably the con-
trol means 220 includes a computer system (not shown)
electronically connected to the system mainframe, to
the local cell means 205, and to the storage means 215.

A logistics means 240 receives the MTC and respon-
sively moves the material from the storage means 215 to

‘the local cell means 205. Preferably the logistics means

240 includes a microcomputer in communication with
the system mainframe. The logistics means 240 may
consist of forklift vehicles, self guided vehicles, auto-
matic guided vehlcles, conveyor systems, monorail
systems, or various combinations thereof.

The system 200 includes a planning means 225 for
producing a material schedule. The material schedule
forecasts when material is required for the local cell
means 205 and forecasts the quantity of material needed,
over a predetermined time period. The planning means
225 classifies material into various types, in response to
the demand for the material as reflected by the material
schedule and to the cost of the material. The material
schedule contains such information as the material type
classifications along with the amount of material to be
ordered and the expected delivery date. When produc-
tion varies for any reason, the material schedule may
require modification. The planning means 225 produces
the material schedule based on demand for the final
product. The demand for the final product may be ac-
tual customer demand or predicted customer demand.
Preferably the planning means 225 includes a mi-
crocomputer (not shown) in communication with the
More specifically, the material
schedule specifies the amount of material required for
each local cell means 205 over the next planning period,
the lot size of the required material, and the delivery
date for the lots of required material. Typically, the
planning period is between one week and one month.

A logic means 230 receives the Pull Trigger signal
and produces a depletion signal in response to the Pull
‘Trigger signal and the material schedule. Preferably the
logic means includes a computer system (not shown) in
communication with the system mainframe and is im-
plemented i1n software. The logic means 230 compares
the demand for the material, indicated by the Pull Trig-

ger signal, with the plan for the material in the material

schedule, and determines if a depletion signal should be
issued. The determination is based on information given
in the Pull Trigger signal (the material part number and
the quantity needed) and the information included in
the material schedule (the the type classification and the
expected demand for the material). Advantageously,
the depletion signal is an electronic signal generated by
software and delivered such media as electronic data
interchange, facsimile, or telephonic. If the Pull Trigger
signal indicates a demand for material which does not
match the planned demand specified by the material
schedule, the logic means 230 produces an exception
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signal. The logic means 230 delivers the exception sig-
nal to the planning means 225. The exception signal 1s
another type of signal generated in software indicating
a deviation from the material schedule. The planning
means 225 receives the exception signal and respon-
sively modifies the material schedules to incorporate
information into the material schedule for future plan-
ning periods.

The system 200 includes a supplying means 235 for
producing material utilized by the local cell means 203.
The supplying means 235 provides the matenal based
on the material type and the material demand, indicated
by the material schedule. The supplying means 23§
delivers the material upon receipt of the depletion signal
or as provided, upon indication by the material sched-
ule, or a combination thereof. There may be more than
one supplying means 235, which may be either internal
or external to the system 200. External supplying means
exist outside the manufacturing environment of the
- system 200 for supplying ‘“purchased materal”. For
example, external supplying means may consist of other
companies or suppliers, or another plant within the
same company. Internal supplying means may consist of
other local cell means 205 which reside within the sys-
tem 200 for supplying “worked material”. For example,
one local cell means 205 may produce material utilized
by another local cell means 205.

The system 200 includes an operational means 245 for
maintaining an inventory list corresponding to the ma-
terial contained in the local cell means 205 and the
storage means 215. The inventory list includes such
information as the part numbers of the material, the
quantity available in the storage means 215, and the
location of the material within the storage means 215.
The operational means 245 consists of a data base inte-
grated into the controlling software of the system 200
located in the system mainframe. The control means 220
accesses the data base to determine the amount of mate-
rial stored in the local cell means 205 and the storage
- means 215, and updates the inventory list when the
MTC or Pull Trigger signal is produced, or when mate-
rial is utilized by the local cell means 205.

The local cell means 205 may have one of two mate-
rial replenishment methods, which are determined by
“the type classification of the material and the material
usage. One method for replenishing material is produc-
ing the first MRS in response to the amount of material
in the local cell means 205 being equal to a predeter-
mined value. Material is monitored as it is utilized in the
local cell means 205 by one of several methods, such as
a photocell (not shown) which monitors the movement
of material past a particular point on an assembly line.
As the material passes the particular point, the photoceil
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delivers an electronic signal to the control means 220 -

indicating that an operation is complete and material for
that operation has been used. Another method for moni-
toring material is having a worker enter a keystroke to
a computer terminal (not shown) used to manually in-
terface with the control means 220. The keystroke indi-
cates that an operation is complete, again signifying the
use of the material. Regardless of the method of moni-
toring the material, the inventory list of material associ-
ated with the local cell means 205 is decremented. The
planning means 225 determines a minimum and maxi-
mum value corresponding to the amount of maternial to
be maintained in the local cell means 205. The minimum
value is based on the lead time of the material, or the
amount of time required to deliver the material from the
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supplying means 235 to the local cell means 205. When
the amount of material in the local cell means 2035 corre-
sponding to the predetermined minimum value, the first
MRS signal is produced which requests material in an
amount equal to the difference between the predeter-
mined minimum value and the predetermined maximum
value.

Another method for replenishing material is produc-
ing the first MRS in response to a predetermined time at
which the material in the local cell means 205 1s ex-
pected to be depleted. Advantageously, the control
means 220 applies future demand (actual scheduled
material) to the quantity of material stored in the local
cell means 205. For example, the control means 220
calculates the length of time material will remain in the
local cell means 205 before more material is expected to
be needed. When this length of time is equal to the lead
time, the first MRS signal is produced requesting mate-
rial in an amount equal to the planned lot size. Prefera-
bly, both of the replenishment methods are imple-
mented in software within the control mean 220. The
replenishment methods are well known in the art and
will not be discussed in any further detail.

In the preferred embodiment, the material is classified
as either type 0, 1, 2, 3, or 4. An advantage to using the
material type classifications, is that the manufacturing
environment exhibits the flexibility to gradually adapt
the system 200 to the supplying means 235, as the sup-
plying means 235 is able to deliver material in response
to the depletion signal. The type classifications gradu-
ally increase from the “push” type 0 to types 1, 2, and
the most advanced “pull” type 4. In this example, type
3 is reserved for prepackaged nuts and bolts kind of
material. The material type is based on the demand for
the material and the material cost, and is part of the
information indicated by the depletion signal. A more
detailed discussion of an example of material type classi-
fications is provided below. In the following discussion,
the material type classifications are associated with the
external supplying means; however, the material type
classifications associated with the internal supplying
means are applied in an equally similar manner.

Type 0 material is ordered strictly according to the
material schedule and is not affected by the depletion
signal. Material is classified as type 0 until the supplying
means 235, for the particular kind of matenal, is
equipped to receive Pull Trigger signals.

Types 1, 2, and 4 are also planned by the material
schedule; however, the logic means 230 can advance
the delivery date of an order in response to the deple-
tion signal. Although type 1 material orders can be
advanced, type 1 material orders cannot be delayed;
however, both types 2 and 4 material orders can be
delayed. Another difference between type 1 matenial,
and types 2 and 4 material is that the suppling means 235

“is authorized to deliver type 1 material according to the

material schedule. Conversely, the suppling means 235
cannot deliver types 2 and 4 material until a depletion
signal is received—regardless of the material schedule
delivery date. Therefore, the material delivery date
becomes a planned delivery date only. This exemplifies
the change from a “push-type” system to “pull-type”
system. That is, the supplying means 235 delivers type 1
material according to the date specified by the matenal
schedule (push type); whereas, types 2 and 4 are not
delivered until a depletion signal is received by the
supplying means 235 (pull-type). The difference be-
tween material types 2 and 4 is that with type 4 maternial,
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the logic means 230 can also specify the gquantity or-
dered 1n the depletion signal. Typically, types 1, 2, and
4 material are moderate to high in cost.

Type 3 material is ordered only by the depletlon
signal, and therefore is a “pull-type” material. The de-
pletion signal associated with type 3 matenal specifies
the quantity and the delivery date of the material. Typi-
cally, type 3 material is low in cost and is used in high
quantities.

The control system 200 is not limited to the material
types presented and deviations from the material types
may be desirable. -

Preferably, the storage means 215 includes a local
storage means 250 for storing the material used by the
local cell means 2085, and a global storage means 255 for
temporarily storing the material. The global storage
means 255 stores material ordered according to the
material schedule that is not immediately needed by the
local cell means 205. Additionally, the control means
220 includes a local control means 260 for receiving a

first MRS, responsively searching the local storage.

means 250, producmg the MTC 1n response to the pres-
ence of the material in the local storage means 250, and
producing a second MRS in response to the absence of
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the material in the local storage means 250. The control 25

means 220 also includes a global control means 265 for
receiving the second MRS, responsively searching the
global storage means 255, producing a MTC in response
to the presence of the matenal in the global storage
means 255, and producing a Pull Trigger signal in re-
sponse to the absence of the material in the global stor-
age means 233.

For example, the local control means 255 receives the
first MRS signal and then accesses the database con-
tained in the operational means 245 to obtain the inven-
tory list associated with the local storage means 288. If
the required material is located, the local control means
260 delivers the MTC to the logistics means 240 to
move the material from the local storage means 250 to
the requesting local cell means 205. If the material 1s not
located, the second MRS signal is produced by the local
control means 260 and delivered to the global control
means 265. The global control means 265 is over the
local control means 285 in the system hierarchy, and
electrically communicates with the local control means
2580. The global control means 268 receives the second

MRS from the local control means 260 and accesses the

database contained in the operational means 245 to
-obtain the inventory list associated with the global stor-
age means 255. If available material is located, the
global control means 265 delivers the MTC to the logis-
tics means 240 to move the material from the global
storage means 285 to the requesting local cell means
205. If material 1s not located, the global control means
2635 delivers the Pull Trigger signal to the logic means
230. Additionally, either the Pull Trigger signal or the
MTC is delivered to the operational means 245 for
updating the material inventory list.

FIG. 3 depicts another embodiment of a system 300
for requisitioning and distributing material in a manu-
facturing environment. The system 300 includes at least
one local cell means 205 for storing and utilizing the
material and producing a first Missing Resource Signal
(MRS) in response to depleting a predetermined
amount of the material in the local cell means 205. The

local cell means 205 contains one or more manufactur-

ing stations 307, at which a set of manufacturing or
assembly operations are performed. The system 300 also
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includes the local storage means 250 for storing the
material. The instant embodiment of the present inven-
tion consists of a plurality of local cell means 205 and
local storage means 250. Additionally, several local cell
means 205 may have access to the same local storage
means 250. Material present in the local storage means
250 may be designated as belonging to a particular local
cell means 205, and may not be delivered to any other
local cell means 205. For example, when material is
delivered to the local cell means 208§ and the local cell
means 205 does not have sufficient storage space to
store the entire amount of material, the remaining mate-
rial is transferred to the local storage means 250. The
transferred material is now treated by the system soft-
ware as belonging to the local cell means 205.

Several local cell means 205 and the local storage
means 250 are electronically connected to the local
control means 260, which receives the first MRS, re-
sponsively searches the local storage means 250, and
produces the MTC in response the presence of the ma-
terial in the local storage means 250, and produces the
second MRS in response to the absence of the material
in the local storage means 250. The local control means
260 regulates material movement and utilization for one
or more local cell means 205 and the local storage
means 2350.

The system 300 includes at least one remote cell
means 310 for storing and utilizing the material. The
remote cell means 310 contains one or more manufac-
turing stations 313, at which a set of manufacturing or
assembly operations are performed. The remote cell
means 310 contains limited storage space for holding
material, therefore a remote storage means 315 is
needed for storing the maternal.

The system 300 also includes a remote control means
320 that is electronically connected to the remote cell
means 310 and the remote storage means 315. Prefera-
bly, the remote control means 320 includes a computer
system (not shown) electronically connected to the
system mainframe, and is at the same level as the local
control means 260 in the system hierarchy. The remote
control means 320 controls the movement of the mate-

- rial between the remote storage means 315 and the

remote cell means 310.
The system 300 also includes the global storage
means 255 for temporarily storing the material. The

 global storage means 288§ for example, stores material

ordered according to the material schedule that is not
immediately needed by the local local cell means 208 or
remote cell means 310. The global storage means 258 is
electronically connected to the global control means
265. The global control means 265 receives the second
MRS and responsively searches the remote storage
means 315, and produces the MTC in response to the
presence of the material in the remote storage means

315. Additionally, if material is not present in the re-

mote storage means 315, the global control means 265
searches the global storage means 2355 and produces a
MTC in response to the presence of the materal in the
global storage means 255. Furthermore, the global con-
trol means 265 produces the Pull Trigger signal in re-

- sponse to the absence of the material in the remote

65

storage means 315 and the global storage means 258.
Therefore, the system 300 is able to search not only
the local storage means 250 for material requested by
the local cell means 205; the system 300 advantageously
searches the remote and global storage means 315,255 if
material is not found at the local control level. The
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system 300 1s not limited to searching one remote con-
trol level, but may search a plurality of remote control
levels, thus assuring the least amount of material resid-
ing 1n the system 300.

The system 300 includes the planning means 225 for
producing a material schedule and a logic means 230 for
receiving the Pull Trigger signal and producing the
depletion signal in response to the Pull Trigger signal
and the material schedule. The logic means 230 also
produces the exception signal in response to a deviation
from the material schedule being reflected by the Pull
Trigger signal. The planning means 22§ receives the
exception signal and responsively modifies the material
schedule. .

The system 300 includes at least one supplying means
235 which receives the depletion signal and respon-
sively produces the material to be utilized by the local
cell means 205. There may be more than one supplying
means 235, and these may be external or internal to the
system 300. External supplying means 235 exist outside
the manufacturing environment of the system 300, and
internal supplying means exist within the system 300
and may include a local cell means 205. The system 300
~ also includes the logistics means 240 for receiving the
MTC from either the local control means 260, remote
control means 320, or global control means 263, and
responsively moving the material from the local, re-
mote, or global storage means 250,315,285 to the local
cell means 208.

The system 300 includes the operational means 245
for maintaining an inventory list of the material con-
tained in the local cell means 205, the remote cell means
310, and the local, global, and remote storage means
250,255,315. The operational means 245 consists of a
data base integrated into the controlling software of the
system 300 located in the system mainframe. The local,
global, and remote ‘control means 260,265,320 access
the data base to determine the amount of the maternal in
the respective storage means 250,255,318, and update

the inventory list when the MTC and Pull Trigger
signal are produced.

INDUSTRIAL APPLICABILITY

The operation of the present invention 1s best de-
scribed in relation to examples of material replenish-

ment by material type classification, as described below. .
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cell means 205 delivers a first MRS to the local control
means 260. Responsively, the local control means 260
searches the material inventory list corresponding to
the local storage means 250. Since the local control
means 260 does not locate the material, a second MRS
is delivered to the global control means 2635. Respon-
sively, the global control means 265 searches the mate-
rial inventory list corresponding to the remote storage
means 315 and global storage means 28§, and since the
global control means 265 does not locate the matenal,
the global control means 265 delivers a Pull Trigger
signal to the logic means 230. The logic means 230
interacts with the material schedule which indicates
that the matenial 1s scheduled to be delivered in 15 days,
for example on May 20. Previously, the local control
means 260 determined that the material is needed in 5
days, which is responsive to the lead time and the time
the existing material is expected to remain; therefore,
the depletion signal is delivered to the supplying means
235 authorizing the supplying means 235 to advance the
May 20 delivery date to May 10. Also, the logic means
230 delivers an exception signal to the planning means

. 225. A material planner modifies future material sched-
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In each example it is assumed that the requested mate-

rial is not found in the local, remote, and global storage
means 255,315,265 and i1s not produced by any other
local or remote cell means 305,310 within the system
300. The material quantities and delivery dates are used
for exemplary purposes only. The system 300 i1s not
limited to the quantities and dates presented, nor is the
system 300 to be represented by such. Each example
below presents a different scenario which may occur

during operation of one embodiment of the instant in-
vention.

EXAMPLE 1

Type 0 matenial classification i1s for material only
available from a supplying means 235 not yet equipped
to respond to the depletion signal. Therefore, the sup-
plying means 235 produces and delivers the matenal
only according to the material schedule.

EXAMPLE 2

Assume that type 1 material is found to be in short
- supply by a local cell means 205 on May 5. The local

30

55
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ules to reflect the material shortage. Additionally, if the
shortage had not occurred, the material would have
been delivered on May 20, as indicated by the material
schedule.

EXAMPLE 3

Assume that a local cell means 205 produces a first
MRS when the inventory list for type 2 or 4 matenal
decrements to a value equal to the minimum value. For
example, the material schedule indicates 30 parts of type
2 or 4 material are to be utilized in May, and 30 parts of
the same material are to be utilized in June by the local
cell means 205. The planning means 225 requires a maxi-
mum value of 40 parts of material and a minimum value
of 10 parts of material to reside with the local cell means
205. On May 20 the material inventory list decrements
to a value of 10 parts of material, and consequently the
local cell means 205 produces a first MRS. If material 1s

- not found in the local, remote, and global storage means

250,315,255, the global control means 265 responsively
produces a Pull Trigger signal. 'The Pull Trigger signal
specifies that 30 parts of material to be delivered to the
local cell means 205, assuming a material lead time to be
10 days. The logic means 230 receives the Pull Trigger
signal and responsively delivers the depletion signal to
the supplying means 235. The supplying means 23§
delivers the material to the local cell means 205 in re-

‘sponse to recetving the depletion signal. In this exam-

ple, the material schedule reflected the anticipated de-
mand; therefore, the supplying means 235 produced the
material in response to the material schedule and mate-
rial was delivered in a Just In Time (JIT) fashion.

EXAMPLE 4

Assume that a local cell means 205 determines the
day and time type 2 or 4 material will be needed. For
example, on May 10 material is determined to be needed
in 5 days and the corresponding lead time is § days;
consequently, the first MRS signal is produced by the
local cell means 205. Assuming material is not located
by the local control means 260 and subsequently mate-
rial 1s not located by the global control means 265, the
logic means 230 receives the Pull Trnigger signal and
delivers the depletion signal to the supplying means 23S,
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which delivers material to the local cell means 205 by
May 15, again in a JIT fashion.

" EXAMPLE 5

In this example, assume the local cell means 205 is to
stop utilizing type 2 or 4 material for a predetermined
period of time, dictated by the planning means 225.
Once the local cell means 205 utilizes an amount of
material corresponding to the minimum value, the first
MRS signal will not be produced. However, the mate-
rial schedule indicates that the material is planned for
delivery in 8 days, for example. The supplying means
235 will not receive the depletion signal and advanta-
geously, the material will not be delivered to the local
cell means 208. Thus type 2 or material will not be
delivered until a depletion signal is received by the
supplying means 235.

EXAMPLE 6

Type 3 material replenishment is based on a two
container replenishment method. For example, - two
containers with material are maintained at the local cell
means 205. When one of the containers is emptied, the
first MRS signal is generated which prompts the local
control means 260 and subsequently the global control
means 265 to search for the material. If the material is
not located, the logic means 230 receives the Pull Trig-
ger signal and responsively delivers the depletion signal
to the supplying means 235. Consequently, the material
is delivered to local cell means 205 by the supplying
means 235. For type 3 material, the quantity of material
1s predetermined and the material schedule is not con-
sulted nor modified.

As shown by the previous examples, the system 300
can adapt quickly in response to changes in the manu-
facturing environment, thus insuring that material is
delivered to the point of use in a JIT manner, resulting
in low material inventory.

Other aspects, objects, and advantages of this inven-
tion can be obtained from a study of the drawings, the
disclosure, and the appended claims.

We claim:

1. A system for requisitioning and distributing mate-
rial in a manufacturing environment, comprising:

local cell means for storing and utilizing material and

producing a first missing resource signal in re-
sponse to the amount of material in said local cell
means being equal to a predetermined minimum
value;

storage means for storing said material;

control means for receiving said first missing re-

source signal, responsively searching said storage
means, producing a material transfer command
signal in response to the presence of said material,
and producing a pull trigger signal in response to
the absence of said material;

logistics means for receiving said material transfer

- command signal and responsively moving said
material from said storage means to said local cell
means;

planning means for producing a material schedule;

and

logic means for receiving said pull trigger signal and

said material schedule, and producing a depletion
signal in response to said pull trigger signal and said
material schedule.

2. A system for requisitioning and distributing mate-
rial iIn a manufacturing environment, as set forth in
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claim 1, including supplying means for receiving said
depletion signal and responsively delivering said mate-
rial to said local cell means.

3. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 2, wherein said logic means is responsive to a
predetermined lead time required to deliver the maternal
from said supplying means to said local cell means.

4. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 2, wherein said supplying means includes means
for delivering said material to said local cell means in
response only to said material schedule.

5. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 1, wherein said logical means includes means for
producing an exception signal in response to said pull
trigger signal and said material schedule.

6. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim §, wherein said planning means includes means
for receiving said exception signal and responsively
modifying said material schedule.

7. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 1, including operational means for maintaining an
inventory list of said material contained in said local cell
means and said storage means.

8. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 7, wherein said control means searches said stor-
age means by accessing said material inventory list.

9. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 7, wherein said control means updates said mate-
rial inventory list in response to producing said material
transfer command signal.

10. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 1, wherein said planning means classifies said
material into various types, in response to said material
schedule.

11. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 10, wherein said logic means distinguishes be-
tween said material types and producing said depletion
signal in response to said material types. .

12. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 1, wherein said local cell means includes a manu-
facturing station adapted to manufacture a product.

13. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 1, wherein said storage means includes:

local storage means for storing said material used by

said local cell means; and

global storage means for temporarily storing said

material.

14. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 13, wherein said control means includes:

local control means for receiving said first missing

resource signal, responsively searching said local
storage means, producing a material transfer com-
mand signal in response to the presence of said
material, and producing a second missing resource
signal in response to the absence of said material;
and
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global control means for receiving said second miss-
ing resource signal, responsively searching said
global storage means, producing a material transfer
command signal in response to the presence of said
material, and producing a pull trigger signal in
response to the absence of said material.
15. A system for requisitioning and distributing mate-
rial in a manufacturing envirqnment, as set forth in
claim 14, wherein said logistics means moves said mate-
rial from local storage means to said local cell means, in
response to receiving said material transfer command
signal from said local control means. -
16. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 14, wherein said logistics means moves said mate-
rial from global storage means to said local cell means,
in response to receiving said material transfer command
signal from said global control means.
17. A system for requisitioning and distributing mate-
rial iIn a manufacturing environment, as set forth in
claim 1, wherein the predetermined minimum value is
based on a predetermined lead time required to deliver
material from said supplying means to said local cell
means. |
18. A system for requisitioning and distributing mate-
rial in a manufacturing environment, comprising:
local cell means for storing and utilizing material and
producing a first missing resource signal in re-
sponse to the amount of material in said local cell
means being equal to a predetermined minimum
value; |
local storage means for storing said material;
local control means for receiving said first missing
resource signal, responsively searching said local
storage means, producing a material transfer com-
mand signal in response to the presence of said
material, and producing a second missing resource
signal in response to the absence of said material;

logistics means for receiving said material transfer
command signal and responsively moving said
material from said local storage means to said local
cell means;

global storage means for storing said material;

global control means for receiving said second miss-

ing resource signal, responsively searching said
global storage means, producing a material transfer
command signal in response to the presence of said
material, and producing a pull trigger signal in
response to the absence of said material;

planning means for producing a material schedule;

and

logical means for receiving said pull trigger signal

and said material schedule, and producing a deple-
tion signal in response to said pull trigger signal and
sald material schedule.

19. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 18, including supplying means for receiving said
depletion signal and responsively delivering said mate-
rial to said local cell means.

20. A system for requisitioning and distributing mate-
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rial in a manufacturing environment, as set forth in

claim 18, wherein said logic means includes means for
producing an exception signal in response to said pull
trigger signal and said material schedule. | |

21. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 20, wherein said planning means includes means

65
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for receiving said exception signal and responsively
modifying said material schedule.

22. A system for requisitioning and distributing mate-
nal 1n a manufacturing environment, as set forth 1n
claim 18, wherein said logistics means moves said mate-
rial from said global storage means to said local cell
means in response to receiving said material transfer
command signal signal from said global control means.

23. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 18, including:

remote cell means for storing and utilizing materiai;

remote storage means for storing said material; and

remote control means for controlling the movement
of said material in said remote cell and remote
storage means.

24. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 23, wherein said global control means includes
means for searching said remote storage means, in re-
sponse to receiving said second missing resource signal,
and producing a maternial transfer command signal in
response to the presence of said material.

25. A system for requisitioning and distributing mate- -
rial in a manufacturing environment, as set forth in
claim 24, wherein said logistics means moves said mate-
rial from said remote storage means to said local cell
means, in response to receiving said material transfer
command signal from said global control means.

26. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 23, including operational means for maintaining
inventory lists of the material contained in said local
and remote cell means, and said local, global, and re-
mote storage means.

27. A system for requisitioning and distributing mate-
rial in a manufacturing environment, as set forth in
claim 26, wherein said local, global and remote control
means search said local, global, and remote storage
means by interacting with said material inventory list.

28. A method for requisitioning and distributing ma-

- tertal 1In a manufacturing environment, wherein the
manufacturing environment includes a local manufac-

turing station adapted to utilize the material, a local
storage unit adapted to store the material, and a logistics
unit adapted to move the material, comprising the steps
of: |
utilizing said stored material and producing a first
missing resource signal in response to the amount
of material in said local storage unit being equal to
a predetermined minimum value;
receiving said first missing resource signal, respon-
sively searching said local storage unit, producing
a material transfer command signal in response to
the presence of said material, and producing a pull
trigger signal in response to the absence of said
material;
producing a material schedule; and
receiving said pull trigger signal and said material
schedule, and producing a depletion signal in re-
sponse to said pull trigger signal and said material
schedule.

29. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 28, including the step of receiving said depletion
signal and responsively delivering said material to said
local manufacturing station.
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30. A method for requisitioning and distributing ma-
terial in a' manufacturing environment, as set forth in
claim 29, wherein said step of producing said depletion
signal 1s responsive to a predetermined lead time re-
quired to deliver the material to said local manufactur-
ing station. |

31. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 29, wherein said step of delivering said material is
responsive only to said material schedule.

32. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 28, including the step of producing an exception
signal in response to said pull trigger signal and said
material schedule.

33. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 32, including the step of receiving said exception
signal and responsively modifying said material sched-
ule.

34. A method for requisitioning and distributing ma-
terial in a manufacturing envirdOnment, as set forth in
claim 28, including the step of receiving said material
transfer command signal and responsively moving said
material from said local storage unit to said local manu-
facturing station.

35. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 28, including the step of maintaining an inventory
Iist of said material.

36. A method for requisitioning and distributing ma-
ter1al in a manufacturing environment, as set forth in
claim 35, including the step of searching said local stor-
age unit by accessing said material inventory list.

37. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 35, including the step of updating said material
inventory list in response to producing said material
transfer command signal.

38. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 28, including the step of classifying said material
Into various types in response to said material schedule.
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39. A method for requisitioning and distributing ma- 45

terial in a manufacturing environment, as set forth in
claim 38, wherein said step of producing said depletion
signal includes the step of distinguishing between said
material types and producing said depletion signal in
response to said material types.

40. A method for requisitioning and distributing ma-
terial in a manufacturing environment, wherein the
manufacturing environment includes a local and remote
manufacturing station adapted to utilize the material
and a local, global, remote storage unit adapted to store
the material, and a logistics unit adapted to move the
material, comprising the steps of:

utilizing said stored material and producing a first

missing resource signal in response to the amount
of material in said local manufacturing station
being equal to a predetermined minimum value;
receiving said first missing resource signal, respon-
sively searching said local storage unit, producing
a material transfer command signal in response to
the presence of said material, and producing a sec-
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ond missing signal in response to the absence of
said material; '

receiving said second missing resource signal, respon-
sively searching said global storage unit, producing
a material transfer command signal in response to
the presence of said material, and producing a pull
trigger signal in response to the absence of said
material;

producing a material schedule; and |

receiving said pull trigger signal and said maternal

schedule, and producing a depletion signal in re-
sponse to said pull trigger signal and said material
schedule. |

41. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 40, including the step of receiving said depletion
signal and responsively delivering said material to said
local manufacturing station.

42. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 40, including the step of producing an exception
signal in response to said pull trigger signal and said
material schedule.

43. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 42, including the step of receiving said exception
signal and responsively modifying said material sched-
ule.

44. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 40, including the step of receiving said material
transfer command signal signal and responsively mov-
ing said matenal from said local storage unit to said
local manufacturing station.

45. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 40, including the step of moving said material
from said global storage unit to said local manufactur-
ing station in response to receiving said material transfer
command signal.

46. A method for requisitioning and distributing ma-
terial in a2 manufacturing environment, as set forth in

'claim 40, including the step of searching said remote

storage unit, in response to receiving said second miss-
ing resource signal, and producing a material transfer
command signal in response to the presence of said
material. : .

47. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in
claim 46, including the step of moving said material
from said remote storage unit to said local manufactur-
ing station, in response to receiving said material trans-
fer command signal.

48. A method for requisitioning and distributing ma-
terial in a manufacturing environment, as set forth in

claim 40, including the step of maintaining inventory

lists of the material contained 1n said local manufactur-
ing station, and said local, global, and remote storage
unit. -

49. A method for requisitioning and distributing ma-
terial in a2 manufacturing environment, as set forth in
claim 48, including the step of searching said local,
global, and remote storage units by interacting with said

material inventory lists.
* % %x % =
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